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SUMMARY

Reports from Nevy procurement and inspection authorities
have indiceted that equipment from some manufacturers do not
conform:to Navy radio-interference specifications because the
mamfarturers are Lot aware of the measures necessary to sup-
precs their equipment adequately. DMuck of this equipment gen-
erated interference because of improperly suppressed ignition
systems or rotating electrical machinery. Engine-driven elec-
tric generators are typicel of such equipment; and the methods
used to suppress them can, irn general, be applied to other
engine ignition systiems and rotating maciainery. This report
describes and recommends methods to reduce interference from

engine generator sets.
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INTRODUCTION

Tne greater sersitivity and complexity of today's clectronic
equipment have mede them more susccptible to radio interference
than was earlier equinmwent, und the iucreasing use by the armed
forces of electrical and electronic devices has introduced more
and more sources of potential interference. This conmbination of
Tactors has resulted in radio interfereace becoming a serious
military operational hazard.

Since the sensitivity of the equipment caunot be compromised.
other methods of solving the raacio-inverrerence problem must be .
sought. These may range from dev2loping more discriminatory in-
formation-saupling techniques in the afiected equipnent to reduc-
ing the radio-influence iactor of the potential source. Reduction
of the interrerence at the scurce is essentially a2 matter of con-
sidering, in the design of the equipment, adequate saielding,
proper filtering, bonding, and so on. However, discussions with
rersonnel of the procurement and inspection agencies have indi-
cated that many manufacturers do not take these matters into
account iu the design of their equipment, primarily because they
dao not know what must te done.

iuch of the interference at Naval Shore Stations results
from the operation of automotive equipment or electrical rotating
machinery of one type or another. An engine-driven electric
generator is typic»l of the equipuwent used, and the techniques
used in minimizing interference from such a unit could be applied
tos tha suppression of radio interference from related machinery,
such as small electric drive motors or stationary indusirial
engines. '

The U.S. Naval Civil Engineering Researci and Evaluation
Laboratory, under prcject NY 411 002-1, "Suppression of Radio
Interference," has studied methods of reducing the radio-influ-
ence factor of englne-driven generators. It is the purpose of
this report to describe many of the methouds which have been
successfully used in crder to provide information which may be
useful in the suppression of radio iuterference Irom eagine
generators.

SUPPRESSION METHCDS

'There are two major sources of noise in engine generator
sets, the engine ignition system and the electric generator.
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The Engine Ionition Systen

Most of the englaes arz gasoline d:iiven and heve an ignition
system siwilur Uc that siown ia Flguce 1. The ignition systiem is
ecsentially a spark gereretor utilized to provide a timed inter-
mittent spark for the explosion of the fuvel. Many early radio

- transmitters operated on the principle of having a spark-discharge

shock excite a tuned circuit, causing it to radiate. A tuned cir-
cuit, in effect, exists in the engine igniticn system, the tuned
circuit consisting of the cables and other iguition components.
Here the excitation iumpuise is provided not only by a major arc
source, as in the plugs, but aleo by the discharges across the
breaker points in the voltage regulator and in the other ignition
components.. The numercus studies made ol the radio interference
emitted by automotive ignition systems indicate that the frequency
spectrum of such radiation is very broad.ls2,3,%,% This.broadness
of ihe freguency spectrun is one of the reasons why ignition inter-
terence is so serious a problen.

A number of techniques have been successfully used to suppress
the interference from ignition systvems. It was reelized tnat elin-
ination of unwanted contactor arcing wculd reduce the interference
and that alteration of tine circull parameters might also effect
such reduction. The undesirable discharges usually occurred in
distributors, voltage regulators, and magnetos. To reduce the
intensity of the discharge, capacitors are usually placed across
the arcing terminwls. The capacitor shares some of the charge
being bullt up across the termiirals and, since the initiating vol-
{ages are transiert in nature, servee to reduce the voltage devel-
oped across the gap. Its effectiveness depends upon the pemiod
and wave shape of the applied voltage and upon the size of the
condenser, the effectiveness of the coundenser increasing with in-

- creased capacity. The use of a condenser may sometimzs eliminate

the arc entirely, but more otf'ten it merely decreases the magnitude
and period of the arc. The maximum size of the capacitor is lim-
iteda by physical and economic consideration, with O.1i-uf conden-
sers being most frequently used for ignition-system suppression.

Because such methods obviously cannot be appiied to the
spark-plug discharge, other techniques and circuit modirications
nust be considered. Introduction of a series resistance into the
spark-plug circuit gag found to offer some success in suppressing
the raaiated noise.™?
sistors are now commercially available and are often used in
reducing radio interference from an igniticu system.

Although these measures reduce somewhat the intensity and
spectrun of the interference generated by ignition systeus, they
are not completely successful in minimizing the interference to

' Spark pluge with built-in 10,000-ohm re~ .
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the levels tclerated by military specifications. To meet military
specificetions, an adequate shielding system is required. To be
shielded adequetely, the janition systom must te enclosed within
a continuous metallic housing; usually steel, bronze, brass, or
copper. The shieid conlines uny generauted iaterference wttnin +the
system and prevents it irom being radiated. The shielding system
is essentially that skown in Figure 2. It consists of integrally
siilelded (aircraft type) spark plugs with Luiit-in suppression
resistors; flerible metallic hose in which all ~able are inserted;
special connectors to maintain tlle shielding continuity of the
cowponents; and metailic housings for the distributor and coil

or magneto, voltage regulator, etc. Figures 3 througn 6 show

some of these suppression units, and Figures 7 and 8 show a sup-
pression system installed on & 6-cylinder Chrysler automovile
engine.

Engines that use a distributor and coil have a battery, gen-
erator, and voltage regulator as part of the ignition system. Those
using magnetos do not require this additioral equipment. Thouga a
reduction in potential scurces of interference is ovtained with
use of the magneto, certain precautions must be observed when a
magneto system is used. Tt was learned that an exposad magneto
coupling can be a serious source of interference even though it
is not an integral part of the ignition electrical system.® Fig-
ure 9 shows an exposed magneto shaft on an engine generatcr which
was Tound to be particularly troublesome in this respect. Only
by sunielding the shaft vas the interference satisfactorily mini-
mized. In this perticular instance, -a spun-oteel housing was
used,as shown in Figure 10. -

Diesel and semidiesel engines are sometimes uséd in engine
generator sets.  Ignition-suppression requiremnentis for these
eugines are obviously less than are those demanded by the more
complex ignition systems used in gasoline-driven equipment.

In all instances, care must be taken to see tinet good, firm,
continuous electrical contact is made at all Joints and connec-
tions in the suppression system in order to maintain the shielding
integrity. Leakage of energy can occur at cracks and loose con-
nections in tne shield, and this leakage may become very serious,
especially at high frequenciee. :

Table 1 lists the minimim measures to be corsidered in sup-
prescing ignition systems, and the Appendix presents a list of
manufacturers who have previously supplied acceptahle ignition-
suppression cumporents to the Navy.
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The Generator

The gererction of radio interference ir rctating electrical
machirery is usually atiributed to arcing betwesn the brushes and
slip rings or comautator. These transient currents shock-excite
portions of the machine end resuit ir a radiation of high-irequency
energy much in the same manner as that in vhich radiation is caused
in an ignition system. However, the radio-interfercnce generated
in this manner is considered rardom in character, since the volt-
ages which cause noise do not occur in a definite pattern cr et a
definite repetition rate aud canaot be synchronized cn the screen
of an oscillcscqpe.6 Direct-currenc machines are a more sericus
source of interference than are alternsting-current machines. Cer-
tain basic design modifications, such as the use of lawminated
brusnes or more secure brush-helding mechanisws, have veea used,
with some success, to obtain a reauction in the generatced inter-
ference. The noise from existing amachines is gererally quite
successfully miniwized Ly placing capacitors across the dbrushes.

_ Ordinariiy O0.1-uf capacitors of the epproprirte voltage rating

have been found adequate.

Table 2 1lists the minimum measures that must be considered
when cuppressing the generator. If these precautions are taken,
the generator uousing is usually sufficient to prevent excessive
radiation, ard no additional shielding of the machine is needed.
However, rnoise conducted by the generator cutput lines is not
always reduced sufficiently by these measures., To prevent such
interference from reaching the distribution panel, eacn of the
generator output lines must be filtered and the filters so
mounted that the cxpernal coupling of any noise voltages from
the input to the output filter terminals is avoided. Figure 11

. 11lustrates how this decoupling may be accorplished. The parti-

tion in the enclosure shield the [ilter teiminals from each other.

It is also advisable to shield the output lires from their
point of exit ut the gencrator tc their entrance into the filter
enclosuvre, although the filtered lines going to the output ter-
minals on the distribution panel need not necessarily be shielded
if care is taken to keep them shoit and as far away from the gen-
erator housing as practicable. Fagures 12 end 13 chow correct
and incorrect placement of the cutput leads of a filiter.

It is important that secure electrical contact be made be-
tween all "ground-reference" parts of the equipment (i.e., the
framne, engine block, generator housing, shield enclosures,metal
panel board, etc.). %inued copper bunding straps, fastened
with bolts or screws using lock-tooth washers, snould be employed.

5 i 2 .
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Switch and meter leads can be serious radiators of noise,
ond it is recommended that they te shielded. <be snieiding hose
should be well grounded to reduce any poscibility of parasitic
radiation.

These interference-rcduction methods have besn successtul
in the past in suppressing eugine gencrators in accordance with
Navy interference specifications. It must be realized, however,
that in general each machine will present individuel suppression
problems: these measures are suggested as "good practice tech-
niques" and are only the minimum precautions to be observed.

RECOMMENDATIONS

It is recommended that the manufacturer, the maintenance
man, and the inspector bte suprlied with.-information on suppres-
sion techniques as guides 1a providing equipment with a minimum
of interference.
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ATPENDIX

List of manufacturers whose components have heen found suitable
for Naval use in the suppression of radio interferaence for engine-
generator sets.

Spark Plugs

The B.G. Corporation
136 West 52nd Street
New York, New York

The Electric Auto-Litz Company
Toledo, Ohilo

Champion Sgark Plug Cdmpany
Toledo, Ohio

A.C. Spark Plug Division
Genieral Motors Corporation
Flint, Michigan

Shielding Conduit (Metallic Hose)

The Breeze Corporation
41 South 6th Street
Newark, New Jersey

Titeflex, Incorporated -
50 Frelinghuysen Avenue
Newark 5, New Jersey

Connectors

Airtron, Incorporated
Pleasant Plains, S.I., New York

The Breeze Corporation
41 South Gth Street
Newark, New Jersey

The B.G. Corporation 2
136 West 52nd Street
New York, New York

Bendix Scintilla Division
Bendix Aviation Corporation
Sidney, New York



B'A7]

S0 GGV IR

Cannon Electric Development Company
3209 Humboldt Street
Los Angeles 3L, Czlifornia

Electrical and Mechanical Oesign Corporation
Toledo, Ohio

Hallett Mamifacturing Company
1601 West Florence Avenue
Inglewood, California

Titeflex, Incorporated
500 Frelinghuysen Avernue
Newark 5, New Jersey

Shielding Enclocures

Anmerican Bosch Magneto Compeny
Springfield, Massachusetts

Electrical and lMechanical Design Corporation
Toledo, Ohio

The Breeze Corporation
41 South 6th Street
Newark, New Jersey

Hallett Corporation
1601 West Florence Avenue
Inglewood, California

Power ILine Filters

Hopkins Engineering Company
2082 Lincoln Avenue
Altadena, California

Tobe Deutschmann Corporation
Norwood, Massachusetts

Sprague Electric Company
North Adams, Massachusetts

Aerovox Corporation
New Bedford, Massachusetts
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Table 1. Recommended Suppression Tecinigues

for Engine Ignivion Systemns.

Suppression Technigue

Spark plugs

Distributor

Coil

Megneto

Voltage

regulator

Shielding
enclosures

Cable harness

Battery charging

generator

Mcounting
Brackets

Integrally shielded resistor plugs (aircraft type)

Completely enclosad in aluminrwa, brass, bronze, copper
or steel housing.

Completely enclosed in aluminum, brass, bronze, copper
or steel housing. Battery terminal of ignition coil
ty-passed to shield by O0.1l-uf, 100-voits, dc capacitor.

Completely enclosed in aluminum, brass, tronze, copper
or steel housing. Exposed drive-shaft shielded.

Completely enclicsed in aluminum, brass, bronze, copper
or steel Lotsing. Armature and vattery teirminals ol
regulator must be by-passed to shield by 0.1-y4f, 1000~
volt, dc capacitor.

Particular attention must be given to the joints. To
raintain optimum shielding efficiency, good electrical
contact is required between sections completely around
the periphery of the joint. A "socket or sphere-in-
cone" joint, such as used in standard cable connectors,
a "metallic gasket-in-groove" joint, a "paint-can-cover"
joint, a "lip or flat-seat" Joint have all been found
acce,table when properly made. With "flat-seat" joints,
it was found that the mating surfaces should have g
minimum width of 7/16 inch. Fittings to accept harness
should be welded, brazed, silver soldered, or taread:d
on. 'The enclosures should be individually bonded to
the engine block by means of tinned copper bonding
straps and lock~tooth washers.

All exposed wiring should be enclosed in three-layer
flexible metellic hose (1iteflex type 154 or equivalent).
End connectors should be soldered to the hose.

Output terminals to be completely shielded. Shield
should be provided with fitting to accept and connec-
tor of shielded cable.

Mounting brackets and the components thereon attached
should be bonded to each other aind to the engine frame
by means of lock-toothr washers.
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Table 2, Recummended Suppressiuvn Technigues
fer Rotetirg Electrical pechinery

Suppression Techniques

Exciter
Prushes

Bruslh rig

Commutator or
slip-ring
brushes

Generator output
terminals

Generator frame
sections and
bell housiug

Generator output
to distribution
ponel

Byovass exciter brushes to the brush-holding rig by
0.1-pf condensers of appropriaie voltege rating.

Bond. brush ring to the generator frame with tinned

copper-braid grounding strap and tooth-type lock
vashers. = ‘

By-pééé brushes to inside ol generator housing by
0.1-pf capacitors of appropriate veolvage rating.

By-pass terminals to generator housing by 0.1-uf
canacitors or appropriate voltage rating.

Secure generator frame sections and bell housing to
each other with tooth-type lock washers. Ground
generator frame to skid frame with tinned copper-
braid strap end lock-tocth type of washers.

Filler generator output. Shield leads from output
terminals to power-line rilter. Filter ocutput may
renain unshielded. %
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Figure 3. A typical ignition shielding enclosure.
(Assembled distributor shield.)

Figure 4. Open distributor shield.
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Figure 5. Integrally shielded spark plug.

Figure 6. Shielded spark-plug cable.

—
—
i o~
— -
—
“—
—-—
—
(—
e

e
4L

NAVCERELAB~

i /.-"




15

Figure 7. Side view of a shielded 6-cylinder Chrysler
e enginc.

Figure €. Front view of a shielded 6-cylinder Chrysler
engine.
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igure 10. Magneto shaft shielded with spun-steel
enclosure . e
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Figure 13. Correct placement of fiiter output leads.
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